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INTRODUCTION

Iridium oxides display interesting eledrochemicd
charaderistics with  applicaions ranging from
eledrocaalysis, eledrochromism, and sensors to charge
storage and neural stimulation.[1] Despite yeas of
reseach, certain aspeds of the structure of this material as
afunction of oxidation state still remain to be ducidated.
Much of the ontroversy stems from variations in the
response of films grown by different techniques, which
include dedrochemicd, sputtering and thermal oxidation
of pure metal films.[1] This work presents in situ Ir Ly,
edge X-ray absorption spedroscopy (XAS) data of IrO,
films prepared by eledrodepostion. As will be shown,
this latter method can yield films displaying remarkably
well-defined voltammetric response dlowing dired
correlations to be made between eledrochemicd and bah
structural and eledronic properties.

EXPERIMENTAL

Iridium oxide films were dedrodeposited on Au-
coated Melinex using the method described in Ref. [2],
yielding cyclic voltammetric curves in aqueous 0.3 M
Na,COj; in excdlent agreement with those reported in that
work (see Fig. 1). In situ XAS measurements were
performed at beamline 4-3 at the Stanford Synchrotron
Radiation Laboratory (SSRL) using the same cnditions
as those spedfied in aprior publicaion.[3]
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Figure 1. Cyclic voltammogram of an eledrodepaosited
IrO, filmin 0.3 M Na,CO; at ascan rate of 20 mV/s.

RESULTS AND DISCUSSION

Fig. 2 shows in situ Ir L;;-edge XANES in the white
line region, recorded at the potentials gedfied by the
arrows in Fig. 1, which correspond nominaly to the
materia in its three distinct oxidation states, +3, +4, and
+5. These arrves show a monotonic shift of the peak
position E(W,) toward higher binding energies as the
potential was made more positive, suggesting an increase
in the oxidation state of Ir sitesin the film.

Similar in situ Ir Ly, -edge data have been reported by
other workers for sputtered IrO, films. In particular,
Huppauff and Lengeler[1] studied IrO, films prepared by
anodic oxidation of sputtered metallic Ir in 1 N H,SO,.
Based on values of E(W,) and using Ir oxalate and Ir
oxide & gandards for Ir(+3) and Ir(+4) oxidation states
these authors concluded that the valence over the entire
voltammetric region examined varied between 3 and 4.8.
More recantly, Poparte & a.[4] failed to oktain evidence
for the presence of Ir in a high oxidation state for films
prepared by sputtering Ir in axidizing dasma in 1 M
H,SO,.
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Figure 2. Ir L;,-edge XANES in the white line region, at
the potentials pedfied by the arowsin Fig. 1.

The better-defined voltammetric behavior obtained in
this work allows more rigorous correlations to be made
between E(W,) and the state of charge of the film. As
shown in Fig. 3, a plot of E(W,) vs charge yielded two
linea regions of different slopes with the change in the
slope occurring very close to the onset potential for the
seoond voltammetric peak. This provides evidence that
there ae & least two redox processes involved and also
that linea extrapolations over the entire potential range
may not be warranted.
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Figure 3. Variation of the white line pe position asa
function of charge pas=d at the dedrode
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Suppart for these two axidation statesis given by the
analysis of extended X-ray absorption fine structure
(EXAFS). In particular, the Fourier transform of the
EXAFS function aayuired at the threepotentials spedfied
in Fig. 1 yielded a prominent shell attributed to the Ir-O
interadion with two additional shells of significantly
lower amplitude & higher r' values, which were not
considered in this analysis. The anaysis of the EXAFS
yielded a dight deaease in the Ir-O distance from 2.02 to
1.98 and then to 193 A as the material was oxidized in
sequence from the more negative potentials. In particular,
the Ir-O distance for the spedrum obtained at +0.06 vs
SCE was identicd to that obtained for XRD data of IrO,
crystalg5], i.e. 1.98 A. On this basis, it seems reasonable
to suggest that IrO, is reduced and oxidized by a single
eledron transfer at the more negative and pdsitive
potentials, respedively.
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